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Introduction 


Starting on March 29, 2013, the Pegasus Pipeline, owned and 
operated by ExxonMobil, suffered a 20-foot rupture and released 
substantially more than 100,000 gallons of Wabasca Heavy Crude 
(diluted bitumen) in the contiguous neighborhood and lake in 
Mayflower, Arkansas. (BL to add more here) 


Background and Experience 

I am an occupational and environmental health physician and 
epidemiologist with more than 38 years of experience in this 
field. I received a Bachelor of Science degree from Tufts, a 
Master of Public Health degree from Harvard, and a Doctor of 
Medicine degree from Cornell. I completed residencies in 
Internal Medicine and Preventive Medicine. I am board-certified 
in both Internal Medicine and Occupational Medicine, and 
licensed to practice medicine in Massachusetts and Connecticut. 

I have worked as a medical epidemiologist for the Centers for 
Disease Control; as a tenured professor at the University of 
Massachusetts Medical School, where I founded and directed the 
Occupational Health Program; and as a director of international 
health programs and projects. I am an Adjunct Professor of 
Public Health at Tufts University School of Medicine, where I 

have directed the Introduction to Environmental and Occupational 
Health course since 1993. 

I have written more than 200 journal articles and book chapters 
and edited 18 books, including six editions of the textbook 
Occupational and Environmental Health. I have served as 
president of the American Public Health Association. I have 
received several awards from professional organizations. 

I have clinically evaluated thousands of individuals who had 
developed, or were at risk of developing, adverse health effects 
due to environmental and/or occupational exposures. My 
curriculum vitae is attached as Attachment A. 


Me thodo1oqy 

I reviewed the following information concerning the pipeline 

rupture of the Mobil Pipe Line Company Pegasus Pipeline System, 

Patoka to Corsicana Segment, in Mayflower, Arkansas, which began 
on March 29, 2013: 
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ExxonMobil Material Safety Data Sheet for Wabasca Heavy 
Crude Oil 

Cenovus Energy, Inc., Material Safety Data Sheet for Heavy 
Crude Oil/Diluent Mix 

Baker Hughes Material Safety Data Sheet for WAW3049 Water 
Treatment Additive 

Continental Products Material Safety Data Sheet for 
Hydrochem C-135VT 

Failure Investigation Report 

Mayflower Pipeline Incident Map 

Photographs of oil spill 

Map of plaintiffs' locations in relation to oil spill 

Letter to The Honorable Ed Markey from Theresa M. Fariello, 
Vice President, Washington Office, Exxon Mobil 
Corporation, dated May 28, 2013 

Letter to Edwin Quinones (U.S. Environmental Protection 
Agency) from Richard Byrne, Assistant Chief Attorney, 
Environmental & Safety Law, Exxon Mobil Corporation, 
dated April 8, 2013 

Letter to Edwin Quinones (U.S. Environmental Protection 
Agency) from Richard Byrne, Assistant Chief Attorney, 
Environmental & Safety Law, Exxon Mobil Corporation, 
dated April 10, 2013 

A one-page memorandum concerning the release, which was 
prepared by Duncan Firm 

A two-page document entitled "Notes on Chemical Exposure in 
Mayflower," prepared by Duncan Firm 


In addition, I reviewed the following materials from the Center 
for Toxicology and Environmental Health LLC concerning air 
sampling done soon after the release: 

1. 40435 - Conway, AR: ExxonMobil - Summary of Air Monitoring 

Conducted by CTEH, March 29, 2013 1700 - March 29, 2013 
2359 

2. Air Sampling and Monitoring Work Plan, Mayflower Pipeline 
Incident: Prepared on behalf of: ExxonMobil Pipeline 
Company, Mayflower, AR, April 1, 2013 

3. 40435 - Conway, AR: ExxonMobil - Summary of Air Monitoring 
Conducted by CTEH, April 02, 2013 — 24 hour period 

4. 40435 - Conway, AR: ExxonMobil - Summary of Air Monitoring 
Conducted by CTEH, April 10, 2013 

To determine general causation regarding the association between 
petroleum oil and adverse health effects, I performed three 

literature searches to identify relevant articles in the medical 
and scientific literature: 
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Petroleum oil (and oil spills) and adverse health effects 
Adverse health effects associated with specific components 
of petroleum oil 

Psychological effects of oil spills and other chemical 
releases 

I reviewed each article individually. I also applied the 
Bradford Hill principles to the bodies of relevant medical and 
scientific literature to determine general causation between 
exposure to petroleum oil (including oil spills) and its 
constituent chemicals and adverse health effects. 

For each of the 36 plaintiffs, I reviewed relevant deposition 
testimony and available medical records. I conducted telephone 
interviews of the 27 adult plaintiffs; for the nine minor 
plaintiffs, I interviewed their mothers. I performed a 
differential etiology analysis, considering alternative 
explanations for the plaintiffs' symptoms. I considered latency. 
I synthesized all of this information to develop my specific 
causation opinions. 


Results 



Plaintiffs reported one or more of the following symptoms: 

Headache 

Dizziness or lightheadedness 

Eye symptoms, including irritated, burning, watering 
(tearing), and/or itchy eyes 

Sinus problems, including sinus congestion and/or sinus 
pressure 

Nasal symptoms, including nasal irritation, burning nose, 
sneezing, nasal congestion, rhinorrhea (runny nose), 
and/or nosebleeds 

Abnormal taste 

Throat symptoms, including sore throat, burning throat, 
and/or irritated throat 

Voice impairment 

Lower respiratory symptoms, including shortness of breath 
(or difficulty breathing), cough, wheezing, chest 
congestion, chest/lungs burning, and/or bronchitis 
symptoms 

Gastrointestinal symptoms, including nausea and/or vomiting 

and abdominal discomfort, including abdominal cramps 

Loss of appetite 

Diarrhea 

Stomach discomfort 
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Hemorrhoid symptoms 
Anxiety and/or depression 
Symptoms of seasonal allergies 
Skin rash 
Fatigue 

Difficulty sleeping 
Worsening of multiple sclerosis 

Onset of symptoms occurred shortly after plaintiffs were exposed 
to airborne chemicals from the release. 

None of the plaintiffs had underlying medical conditions or 
other contemporaneous exposures that could solely account for 
their symptoms. 



ExxonMobil Material Safety Data Sheet for Wabasca Heavy Crude 

Oil 

Reportable hazardous substance or complex substance 

Petroleum crude oil 

Hazardous constituent(s) contained in complex substance 

Benzene 
Cyclohexane 
Ethyl benzene 
Hydrogen sulfide 
N-hexane 
Napththalene 

Polynuclear aromatic hydrocarbons 

Sulfur 

Toluene 

Xylenes 

Cenovus Energy, Inc., Material Safety Data Sheet for Heavy Crude 

Oil/Diluent Mix 

Hazardous ingredients of material 

Crude oil 

Hydrocarbon diluent 
Benzene 

Hydrogen sulphide (sulfide) 


Baker Hughes Material Safety Data Sheet for WAW3Q49 Water 
Treatment Additive 

Composition/information on ingredients 

Methanol 

Quaternary ammonia compounds 
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Continental Products Material Safety Data Sheet for Hydrochem 

C-135VT 

Hazardous ingredient 


Methyl alcohol 


Chemicals Detected in Air Monitoring 

March 29, 2013 

Benzene 

Hydrogen sulfide 

Sulfur dioxide 

Volatile organic compounds 

April 2, 2013 

Benzene 

Volatile organic compounds 
April 10, 2013 

Multiple chemicals, including: 

Acetone 

Benzene 

Cyclohexane 

Heptane 

Hexane 

Isopropyl alcohol 

Toluene 

m,p~xylenes 



Based on my review of the cited plaintiff-specific information, 
my review of the relevant medical and scientific literature and 
my application of the Bradford Hill Principles to that 
literature, my education and training, and my experience working 
in occupational and environmental medicine and epidemiology for 
more than 38 years, I hold the following opinions, with a 
reasonable degree of medical and scientific probability: 

General causation : Exposure to petroleum oil and its constituent 
chemicals can cause all of the following: 

Headache 

Dizziness or lightheadedness 

Eye symptoms, including irritated, burning, watering 
(tearing), and/or itchy eyes 

Sinus problems, including sinus congestion and/or sinus 


pressure 
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Nasal symptoms, including nasal irritation, burning nose, 
sneezing, nasal congestion, rhinorrhea (runny nose), 
and/or nosebleeds 
Abnormal taste 

Throat symptoms, including sore throat, burning throat, 
and/or irritated throat 
Voice impairment 

Lower respiratory symptoms, including shortness of breath 
(or difficulty breathing), cough, wheezing, chest 
congestion, chest/lungs burning, and/or bronchitis 
symptoms 

Gastrointestinal symptoms, including nausea and/or vomiting 
and abdominal discomfort, including abdominal cramps 
Anxiety and/or depression 
Skin rash 
Fatigue 

Difficulty sleeping 

Specific causation : The plaintiffs' symptoms listed on 
Attachment B were caused by their exposure to the oil spill in 
Mayflower, Arkansas, which began in March 2013. 

I reserve the right to amend or modify this report as further 
information may become available. 
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Oil Spills 


Levy BS, Nassetta WJ. The adverse health effects of oil spills: 

A review of the literature and a framework for medically 
evaluating exposed individuals. International Journal of 
Occupational and Environmental Health 2011; 17: 161-167. 

Campbell D, Cox D, Crum J, et al. Initial effects of the 
grounding of the tanker Braer on health in Shetland. British 
Medical Journal 1993; 307: 1251-1255. 

Lyons RA, Temple JM, Evans D, et al. Acute health effects of 
the Sea Empress oil spill. Journal of Epidemiology and Community 
Health 1999; 53: 306-310. 

Suarez B, Lope V, Perez-Gomez B, et al. Acute health problems 
among subjects involved in the cleanup operation following the 
Prestige oil spill in Asturias and Cantabria (Spain). 
Environmental Research 2005; 99: 413-424. 

Carrasco JM, Lope V, Perez-Gomez B, et al. Association between 
health information, use of protective devices and occurrence of 
acute health problems in the Prestige oil spill clean-up in 
Asturias and Cantabria (Spain): A cross-sectional study. BMC 
Public Health 2006; 6:1. 

Janjua NZ, Kasai PM, Nawaz H, et al. Acute health effects of 

the Tasman Spirit oil spill on residents of Karachi, Pakistan. 
BMC Public Health 2006; 6:84. 

Meo SA, Al-Drees AM, Rasheed S, et al. Health complaints among 

subjects involved in oil cleanup operations during oil spillage 

from a Greek tanker "Tasman Spirit." International Journal of 

Occupational Medicine and Environmental Health 2009; 22: 143- 
148. 


Lee C-H, Kang Y-A, Chang K-J, et al. Acute health effects of the 
Hebei oil spill on the residents of Taean, Korea. Journal of 
Preventive Medicine and Public Health 2010; 43: 166-173. 

Sim MS, Jo IJ, Song HG. Acute health problems related to the 
operation mounted to clean the Hebei Spirit oil spill in Taean, 
Korea. Marine Pollution Bulletin 2010; 60: 51-57. 
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Ordinioha B, Sawyer W. Acute health effects of a crude oil spill 
in a rural community in Bayelsa State, Nigeria. Nigerian Journal 
of Medicine 2010; 19: 140-144. 

Volatile Organic Compounds 

Arif AA, Shah SM. Association between personal exposure to 
volatile organic compounds and asthma among US adult population. 
International Archives of Occupational and Environmental Health 
2007; 80: 711-719. 

Benignus VA, Bushnell PJ, Boyes WK, et al. Neurobehavioral 
effects of acute exposure to four solvents: Meta-analyses. 
Toxicological Sciences 2009; 109: 296-305. 

Wichmann FA, Muller A, Busi LE, et al. Increased asthma and 
respiratory symptoms in children exposed to petrochemical 
pollution. Journal of Allergy and Clinical Immunology 2009; 123: 
632-638. 

Gordian ME, Stewart AW, Morris SS. Evaporative gasoline 
emissions and asthma symptoms. International Journal of 
Environmental Research and Public Health 2010; 7: 3051-3062. 

Sarigiannis DS, Karakitsios SP, Gotti A, et al. Exposure to 
major volatile organic compounds and carbonyls in European 
indoor environments and associated health risk. Environment 
International 2011; 37: 743-765. 

Tanyanont W, Vichit-Vadakan N. Exposure to volatile organic 
compounds and health risks among residents in an area affected 
by a petroleum complex in Rayong, Thailand. Southeast Asian 
Journal of Tropical Medicine and Public Health 2012; 43: 201- 
211 . 



Benzene 

Hathaway GJ, Proctor NH. "Benzene" in GJ Hathway, NH Proctor. 
Proctor and Hughes' Chemical Hazards of the Workplace (Fifth 
Edition). Hoboken, NJ: John Wiley & Sons, Inc., 2004, pp. 69-73. 

Landrigan PJ. "Benzene" in WN Rom, SB Markowitz (eds.). 
Environmental and Occupational Medicine (Fourth Edition). 
Philadelphia: Wolters Kluwer, 2007, pp. 1123-1128. 
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Toluene 


Cohr KH, Stokholm J. Toluene: A toxicologic review. 

Scandinavian Journal of Work, Environment & Health 1979; 5: 71- 
90. 

Morata TC, Nylen P, Johnson AC, Dunn DE. Auditory and 
vestibular function after single or combined exposure to 
toluene: a review. Archives of Toxicology 1995; 69: 431-443. 

Hathaway GJ, Proctor NH. "Toluene" in GJ Hathway, NH Proctor. 
Proctor and Hughes' Chemical Hazards of the Workplace (Fifth 
Edition). Hoboken, NJ: John Wiley & Sons, Inc., 2004, pp. 681- 
68 3. 

Ethylbenzene 

ACGIH. Ethylbenzene: TLV® Chemical Substances 7th Edition 
Documentation. Cincinnati: ACGIH, 2011. 

Hathaway GJ, Proctor NH. "Ethyl benzene" in GJ Hathway, NH 
Proctor. Proctor and Hughes' Chemical Hazards of the Workplace 
(Fifth Edition). Hoboken, NJ: John Wiley & Sons, Inc., 2004, 
pp. 311-312. 


Xylenes 

Riihimaki V, Savolainen K. Human exposure to m-xylene, kinetics 
and acute effects on the central nervous system. Annals of 
Occupational Hygiene 1980; 23: 411-422. 

Savolainen K, Kekoni J, Riihimaki V, Laine A. Immediate effects 
of m-xylene on the human central nervous system. Archives of 
Toxicology Supplement 1984; 7: 412-417. 

Kilburn KH, Seidman BC, Warshaw R. Neurobehavioral and 
respiratory symptoms of formaldehyde and xylene exposure in 
histology technicians. Archives of Environmental Health 1985; 
40: 229-233. 

Savolainen K, Riihimaki V, Luukkonen R, Muona 0. Changes in the 

sense of balance correlate with concentrations of m-xylene in 

venous blood. British Journal of Industrial Medicine 1985; 42: 
765-769. 
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American Conference of Industrial Hygienists. Xylene (All 
Isomers): TLV(R) Chemical Substances 7th Edition Documentation. 
Cincinnati: ACGIH, 2001. 

Uchida Y, Nakatsuka H, Ukai H, et al. Symptoms and signs in 
workers exposed predominantly to xylenes. International 
Archives of Occupational and Environmental Health 1993; 64: 597- 
605. 

Hathaway GJ, Proctor NH. "Xylene" in GJ Hathway, NH Proctor. 
Proctor and Hughes' Chemical Hazards of the Workplace (Fifth 
Edition). Hoboken, NJ: John Wiley & Sons, Inc., 2004, pp. 744- 
746. 

Cyclohexane 

BL to add 

Hexane 

BL to add 

Heptane 

BL to add 

Hydrogen Sulfide 

Beauchamp RO Jr, Bus JS, Popp JA, et al. A critical review of 
the literature on hydrogen sulfide toxicity. CRC Critical 
Reviews in Toxicology 1984; 13: 25-97. 

Glass DC. A review of the health effects of hydrogen sulphide 
exposure. Annals of Occupational Hygiene 1990; 34: 323-327. 

ACGIH. "Hydrogen sulfide" in Documentation of the TLV's and 
BEI's (7th ed.). Cincinnati: ACGIH, 2010. 

Reiffenstein RJ, Hulbert WC, Roth SH. Toxicology of hydrogen 

sulfide. Annual Review of Pharmacology and Toxicology 1992; 32: 
109-134. 

Kilburn KH, Warshaw RH. Hydrogen sulfide and reduced-sulfur 
gases adversely affect neurophysiological functions. Toxicology 
and Industrial Health 1995; 11: 185-197. 
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Guidotti TL. Hydrogen sulphide. Occupational Medicine (London) 
1996; 46: 367-371. 

Hathaway GJ, Proctor NH. "Hydrogen sulfide" in GJ Hathway, NH 
Proctor. Proctor and Hughes' Chemical Hazards of the Workplace 
(Fifth Edition). Hoboken, NJ: John Wiley & Sons, Inc., 2004, pp. 
394-395. 

Beckett WS. "Chemical asphyxiants" in WN Rom, SB Markowitz 
(eds.). Environmental and Occupational Medicine (Fourth 
Edition). Philadelphia: Wolters Kluwer, 2007, pp. 566-567. 

Sulfur Dioxide 

National Institute for Occupational Safety and Health and 
Occupational Safety and Health Administration. Occupational 
health guideline for sulfur dioxide. September 1978. Available 

at: http://www.cdc.gov/niosh/docs/81-123/pdfs/0575.pdf. 

Accessed July 27, 2017. 

Agency for Toxic Substances and Disease Registry. Toxicological 
Profile for Sulfur Dioxide. Atlanta: ATSDR, 1998. 

Hajat S, Haines A, Atkinson RW, et al. Association between air 
pollution and daily consultations with general practitioners for 
allergic rhinitis in London, United Kingdom. American Journal of 
Epidemiology 2001; 153: 704-714. 

Sole D, Camelo-Nunes IC, Wandalsen GF, et al. Prevalence of 
symptoms of asthma, rhinitis, and atopic eczema in Brazilian 
adolescents related to exposure to gaseous air pollutant and 
socioeconomic status. Journal of Investigational Allergology and 
Clinical Immunology 2007; 17: 6-13. 

Longo BM, Rossignol A, Green JB. Cardiorespiratory health 
effects associated with sulphurous volcanic air pollution. 

Public Health 2008; 122: 809-820. 

Szyszkowicz M, Rowe BH, Kaplan GG. Ambient sulphur dioxide 
exposure and emergency department visits for migraine in 
Vancouver, Canada. International Journal of Occupational 
Medicine and Environmental Health 2009; 22: 7-12. 

Camara JG, Lagunzad JK. Ocular findings in volcanic fog induced 
conjunctivitis. Hawaii Medial Journal 2011; 70: 262-265. 

Acetone 
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BL to add 


Psychological Effects 


of Oil Spills and Other Chemical Releases 


Palinkas LA, Petterson JS, Russell J, Downs MA. Community 
patterns of psychiatric disorders after the Exxon Valdez oil 
spill. American Journal of Psychiatry 1993; 150: 1517-1523. 

Bowler RM, Mergler D, Huel G, Cone JE. Aftermath of a chemical 

spill: Psychological and physiological sequelae. NeuroToxicology 
1994; 15: 723-730. 

Bowler RM, Mergler D, Huel G, Cone JE. Psychological, 
psychosocial, and psychophysiological sequelae in a community 
affected by a railroad chemical disaster. Journal of Traumatic 
Stress 1994; 7: 601-624. 

Dayal HH, Baranowski T, Li YH, Morris R. Hazardous chemicals: 
Psychological dimensions of the health sequelae of a community 
exposure in Texas. Journal of Epidemiology and Community Health 
1994; 48: 560-568. 

Carrasco JM, Perez-Gomez B, Garcia-Mendizabal MJ, et al. Health- 
related quality of life and mental health in the medium-term 
aftermath of the Prestige oil spill in Galiza (Spain): A cross- 
sectional study. BMC Public Health 2007; 7: 245. 
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attributable to psychological exposure to a chemical incident: A 
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Song M, Hong Y-C, Cheong H-K, et al. Psychological health in 
residents participating in clean-up works of Hebei Spirit oil 
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